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Neuropilins (NRPs) 是一个新型的多功能受体，通过与 3 型 semaphorins 
的结合，能够介导神经系统的发育，同时，通过与 VEGF (vascular endothelial 
growth factor) 家族的结合，介导血管的生成。NRPs 家族包括  NRP-1 和 
NRP-2 2 个成员，其中 NRP-1 在神经和心血管的发育中起到了关键性的作用；
而 NRP-2 则在神经和淋巴管的生长过程中发挥作用。更重要的是，NRPs 高表
达于多种肿瘤细胞表面，并参与肿瘤的生长和肿瘤血管的生成。研究显示，阻
断 NRP-1 与 VEGF 的结合，既能直接抑制肿瘤的生长，也能通过抑制肿瘤血
管的生成间接抑制肿瘤生长。因此，NRP-1 被认为是继 VEGF 后又一重要的，
也是最有希望的抗肿瘤新靶标。本文通过基因工程技术获取了 NRP-1 b1b2 结
构域的基因序列并表达蛋白，继而利用杂交瘤技术获得特异性针对此结构域的
单克隆抗体。 
我们利用 RT-PCR 技术获取 NRP-1 b1b2 结构域的基因，并将其克隆至质
粒 pET22b (+)，获得原核表达载体 NRP-1 b1b2-pET22b (+)；重组质粒转化至 
E.coli Rosetta 中，IPTG 诱导表达，优化 IPTG 诱导剂量和诱导时间，确定目
的蛋白的高效表达条件。镍亲和层析柱和 HPLC 纯化目的蛋白，并采用尿素梯
度复性缓冲液透析复性。以复性蛋白免疫小鼠，取其脾细胞进行细胞融合，经
过多次克隆筛选，获得 NRP-1 b1b2 单克隆抗体克隆细胞株，继而腹水生产并
纯化抗体。ELISA 实验鉴定抗体的亚型和滴度；Western blot、免疫共沉淀和荧
光免疫组化实验鉴定抗体的特异性；DNAstar 软件和 DiscTope 软件对 NRP-1 
b1b2 的表位进行预测并通过竞争性 ELISA 和免疫斑点实验对其进行鉴定。 
结果表明，我们获得序列正确的重组质粒 NRP-1 b1b2-pET22b (+)，其在
E.coli Rosetta 中主要以包涵体的形式高效表达；通过对诱导条件的优化，确定
在终浓度为 0.2 mmol/L 的 IPTG 诱导条件下，最适诱导时间为 4 h；经过 2 次


















体不仅能够正确识别 NRP-1 b1b2 融合蛋白，同时也能正确识别生理状态下全
长的 NRP-1；NRP-1 b1b2 多肽片段的竞争性 ELISA 和免疫斑点实验结果显示
抗体与含线性抗原表位的 NRP-1 b1b2 多肽片段不结合，提示抗体可能结合的
是 NRP-1 b1b2 抗原的构象表位。 
总之，我们通过基因工程技术成功表达了融合蛋白 NRP-1 b1b2，并通过杂



















Neuropilins (NRPs) are multifunctional co-receptors for class 3 semaphorins with 
critical roles in axonal guidance, and for members of the VEGF (vascular endothelial 
growth factor) family of angiogenesis. Two members of NRPs, NRP-1 and NRP-2, 
are confirmed that NRP-1 is essential for neuronal and cardiovascular development, 
whereas NRP-2 has key role in neuronal patterning and lymphangiogenesis. 
Furthermore, NRPs are highly expressed in diverse human tumors and have been 
involved in tumor growth and vascularization. Thus, NRP-1 becomes a most 
potential and promising potential target for anti-tumor after VEGF. We tried to 
prepare a fusion protein of NRP-1 b1b2 through genetic engeering; following 
obtained a new monoclonal antibody targeted on NRP-1 b1b2 domain by hybridoma 
technique. 
Gene NRP-1 b1b2, obtained by RT-PCR, was inserted into plasmid pET22b (+) to 
construct a recombinant plasmid NRP-1 b1b2-pET22b (+). E.coli Rosetta with 
recombinant plasmid NRP-1 b1b2-pET22b (+) was induced by IPTG in variety 
doses and time to confirm the optimal conditions of high yield. The purified fusion 
protein was derived from the extract of NRP-1 b1b2-pET22b (+) E.coli through 
Nickel-affinity chromatography column and HPLC; following renatured in PBS with 
gradient dialysis of urea. After immunized by purified and renatured NRP-1 b1b2 
protein, the mices were sacrificed and their spleens were removed for cell fusion. 
The specific hybridoma clone of NRP-1 b1b2 was screened out and used to prepare 
purified antibody through ascites production. The classification and titration of 
NRP-1 b1b2 MAb was determinated by ELISA; the specific binding ability of 
NRP-1 b1b2 MAb was confirmed by Western blot, immunoprecipitation and 
fluorescence immunol histochemistry analysis; the epitopes of NRP-1 b1b2 protein 
were predicted by software DNAstar and DiscTope and then identificated by 
















The results indicated that the recombinant plasmid NRP-1 b1b2-pET22b (+) with 
correct sequence was obtained and expressed with high yield in E.coli Rosetta under 
optical condition (0.2 mmol/L IPTG, 4 h) with production of inclusion bodies. 57 
positive hybridoma cell lines were obtained from 1500 clones through 2 cell fusion; 
and one with highest titration was chosen to produce ascites with MAb. The purified 
NRP-1 b1b2 MAb was defined as IgG1 subclassification with titration of 1：32000, 
and combined to both NRP-1 b1b2 recombinant protein and the whole NRP-1 
expressed on cell membrane. The competitive ELISA with NRP-1 b1b2 peptides and 
dot blot analysis indicated that our NRP-1 b1b2 MAb may recognize formational 
epitope instead of linear epitope. 
In conclusion, we had successfully prepared the fusion protein NRP-1 b1b2 
through genetic engineering, and established the NRP-1 b1b2 MAb specifically 
against NRP-1 b1b2 domain, which may be useful in the development of anti-NRP-1 
therapy and tumor-targeted strategy. 
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体 (Vascular endothelial growth factor receptor, VEGFR)、人神经菌毛素家族
（Neuropilin Family, NRPs）和组织因子（Tissue Factor, TF）等。近年的实验表
明，NRPs 在肿瘤的发生、发展、生长、转移及血管生成中发挥了相当重要的作
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